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Comparative Study of Juvenile American Shad 


Populations by Fin Ray and Scute Counts 


PAUL R. NICHOLS, Fishery Biologist (Research) 


Bureau of Commercial Fisheries Biological Laboratory 
Beaufort, N.C. 


ABSTRACT 


Forty-five juvenile American shad, Alosa sapidissima (Wilson), collections, 
from 10 major shad producing rivers along the Atlantic coast of North America, 


were examined to see if differences 


in meristic counts suggested evidence of 


discrete river populations. Four meristic characters--pectoral, dorsal, and anal 
fin rays and scutes--were used. The difference in the counts between locations and 
between years within rivers was smallcomparedtothat between rivers. The differ- 
ences in counts between rivers indicated that discrete populations of juvenile shad 


occurred in rivers. 


INTRODUCTION 


In studies to discover causes of the de- 
cline in yield of American shad, Alosa sap- 
idissima (Wilson), and to determine factors 
favoring recovery of the fishery, it was 
essential that the number and distribution of 
populations be known. 

The shad is widely distributed along the 
Atlantic coast from the St. Lawrence River, 
Canada, to the St. Johns River, Fla. This 
species is anadromous, spending most of its 
life in the ocean, but ascending coastal rivers 
to spawn. The spawning migrations into the 
rivers begin earliest in the southern part of 
the range (November in St. Johns River, Fla.) 
and are progressively later northward (June 
in St. John River, Canada). A female spawns 
about 250,000 eggs, and hatching occurs in 
6 to 8 days at a water temperature of 17° C. 
The young shad stay in the rivers untilautumn, 
attaining a length ranging from 75 to 145mm., 
and then migrate to sea. After spending from 
2 to 6 years in the ocean, shad return to the 
Trivers to spawn. Those spawning in rivers 
south of Cape Hatteras, N.C., normally die 
after spawning, while north of Cape Hatteras 
the proportion of fish spawning for the second 
time or more progressively increases from 
about 15 to 25 percent in Chesapeake Bay 
tributaries to about 45 to 55 percent in the 
Connecticut River. 

Several workers have reported evidence of 
different shad populations along the Atlantic 
coast. Differences between shad from different 
areas based on meristic counts (Fischler, 
1959; Hildebrand and Schroeder, 1928; Hill, 


1959; Vladykov and Wallace, 1938), growth 
rates (Hammer, 1942;1 Hildebrand and 
Schroeder, 1928), and fecundity (Davis, 1957; 
Lehman, 1953) indicated the occurrence of 
different populations. Recapture on the spawn- 
ing ground of shad tagged in prior seasons 
indicated that they returned to their native 
streams to spawn (Hollis, 1948; Nichols, 1960). 
Also, the fact that the runs in the northern 
rivers were self-perpetuating and fluctuated 
independently (Talbot and Sykes, 1958) sug- 
gested different populations. 

The purpose of this study was to determine 
if discrete populations of shad could be iden- 
tified on the basis of consistent differences 
in counts of meristic characters in juveniles 
from 10 rivers. As used in this report, a 
"population'' is a group of fish having similar 
meristic characteristics, of which the nature 
of origin, genotypic and/or phenotypic, of the 
characteristics has not been determined. 


MATERIALS AND METHODS 


For this study, the Atlantic coast was di- 
vided into three geographical areas: North 
Atlantic (Maine to Virginia); Chesapeake Bay 
(Maryland and Virginia); and South Atlantic 
(North Carolina to Florida), In 10 major shad 
producing rivers within these areas, 45 col- 
lections of juvenile shad, from 43 to 146 mm. 
fork length, were taken near spawning and 


The homing instinct of the Chesapeake Bay shad, 
Alosa sapidissima (Wilson), as revealed bya study of their 
scales, Thesis (typewritten), 1942, University of Maryland, 
45 p. 


nursery areas (table 1), Fifty specimens were 
sampled at random from each collection, 
covering the size range ineach, forthe analysis, 


Table 1.--Juvenile American shad collections, from 10 Atlantic 
coast rivers, examined in meristic studies 


Collect- 
ing gear 


Size range 
fork length 


North Atlantic: 


Connecticut... | Seine 2 6 300 55-146 
Hudson........ | Seine 3 9 450 45- 82 
Chesapeake Bay: 
Susquehanna... Seine 1 1 50 48- 70 
Rappahannock... | Trawl 2 2 100 64- 89 
Wor kearteteretcietects | Trawl 2 6 300 54- 90 
James......... Trawl 2 3} 150 55- 88 
South Atlantic 
Neuse. ........ Seine 2 5 250 43-110 
Edistorrssjeeleiale Trawl 1 4 200 56- 83 
Ogeechee...... Trawl 2 4 200 54- 84 
St. Johns 3 5 : 


In the North Atlantic area, collections of 
juvenile shad were taken from the Connecticut 


and Hudson Rivers, From the Connecticut, 
collections were taken above SouthHadley Falls 
Dam at Holyoke, Mass., about 85 miles from 
the river mouth, and at Enfield, Conn,., about 
15 miles downstream of South Hadley Falls 
Dam, in the fall of 1954, 1957, and 1958, 
The collections taken above South Hadley Falls 
Dam were considered as an introduced popu- 
lation, because the dam blocked upstream 
migrating fish from this area for more than 
100 years until a fish-passage facility was 
installed in 1952. In the Hudson, collections 
were taken at Piermont, N.Y., in the brackish 
water section about 30 miles from the river 
mouth; at Kingston Point, N.Y., in the fresh- 
water section about 50 miles upstream from 
Piermont; and at Catskill, N.Y., about 25 miles 
upstream from Kingston Point, in the autumn 
of 1950 and 1951, Additional collections were 
taken at Kingston Point in 1954, 1957, and 1958, 

In the Chesapeake Bay area, collections of 
juvenile shad were taken from the Susquehanna, 
Rappahannock, York, and James Rivers, From 
the Susquehanna River, collections were taken 
below the Conowingo Dam in 1958; from the 
Rappahannock River, at Long Point in 1954 
and in Batchelors Bay in 1958; from the 
York River, at the Pamunkey Indian Reserva- 
tion in 1953, 1954, 1956, and 1958 and at 
the Mattaponi Indian Reservation in 1954 and 
1958; and from the James River, at Walcot 
Wharf, Va., in 1954 and at Claremont Beach, 
Va., in 1954 and 1958, 

In the South Atlantic area, collections of 
juvenile shad were taken from the Neuse, 
Edisto, Ogeechee, and St. Johns Rivers. From 
the Neuse River, collections were taken at 
Bridgeton, N.C., in 1950, 1954, 1957, and 1958 


and at Streets Ferry, N.C., in 1954; collec- 
tions from the Edisto River at Crosby Land- 
ing, S.C., were available for 1938 and 1939 
and were taken in 1957 and 1958; collections 
from the Ogeechee River were available for 
1938 and 1939 from Kings Ferry, Ga,., and 
were taken in 1957 and 1958 at the State Park, 


near Richmond Hill, Ga.; and collections 
from the St. Johns River were taken at 
Mandarin, Fla., in 1954, in Lake Harney in 
1954, and at Palatka, Fla., in 1954, 1957, 
and 1958. 


Using a binocular microscope, counts were 
made of left pectoral, dorsal, and anal fin 
rays and total scutes. Fin ray counts included 
all rudiments, and the last elements in anal 
and dorsal fins, originating from the same 
base, were counted as one ray. The dorsal 
fin origin often required dissection to expose 
embedded rays, Scales occasionally had to 
be removed to expose enveloped scutes and 
anal fin rays. No attempt was made to separate 
scutes into anterior and posterior counts. Not 
a single abnormal fin or scute was encountered 
out of the 2,250 specimens examined, 

Analysis of variance (Snedecor, 1956; Steel 
and Torrie, 1960) was used to test if meristic 
count means of specimens were statistically 
different at the 1 percent level (indicated by 
two asterisks in the tables) between rivers, 
locations within rivers, and years within 
rivers, Before comparing the means, group 
variances were tested for homogeneity. 


ANALYSES OF MERISTIC COUNTS 


Differences and similarities in meristic 
counts for samples of shad from within in- 
dividual rivers and between rivers are dis- 
cussed inthe following sections by geographical 
area, 


North Atlantic Area 


Meristic counts were made of juvenile 
shad taken at each location in the Connecticut 
and Hudson Rivers (tables 2 and 3), 


Connecticut River,--Mean meristic counts 
for the Holyoke samples (above Hadley Falls 
Dam) in most instances were slightly higher 
than those for Enfield samples (below Hadley 
Falls Dam). The difference in pectoral fin 
ray counts was significant between locations 
(table 4). The difference ineachmeanmeristic 
count was nonsignificant between years for 
the Enfield samples. No analysis was made 
for differences between years in the meristic 
counts from above Hadley Falls Dam, 


Hudson River,--Differences in meristic 
counts were not significant between locations 
(Piermont-Kingston-Catskill) for the years 
1950 and 1951, Since Kingston Point was the 


Table 2.--Frequencies of meristic counts from juvenile American shad 
in samples from the Connecticut River, Conn., and Mass. 


Number of 
Location Year pectoral fin rays Mean Standard 
13 14 15 16 17 18 19 20 deviation 
| 
| | Frequency 
Enfield, Conn. | 1954 33072172 =) — 15.28 0.5729 
Do. | TES a 72914 - - 15.14 0.6392 
Do. } 1958 82319 = 15.22 0. 7083 
Holyoke, Mass. | 1954 | - 1233 4 1 15.88 0.6273 
Do. | 1957 - 1628 6 - 15.80 0. 6389 
De. } 1958 | - 1333 4 = 15.82 0. 5602 
| 
| apa ey RE 
| Number of 
| dorsal fin rays 
} {1516 17 18 19 20 21 22 
| Frequency 
Enfield, Conn. | 1954 | - 63014 - 18.16 0.6181 
Do. | 1957 Se es oe 2 18.10 0.5803 
Do. | 1958 |} - 43313 - 18.18 0. 5602 
Holyoke, Mass. 1954 = 4 3401 — | 18.18 0.5956 
Do. } 1957 - 13118 - 18.34 0.5794 
Do. 1958 2102017 - 18.10 0. 8864 
SEE 
Number of } 
| anal fin rays 
EE 
| 18 19 20 21 22 23 24 25 
| 
| Frequency 
Enfield, Conn. | 1954 =a e290 1250 a — | 21.12 0. 6893 
Do. | 1957 ibe fy EP ee 21.34 1.0224 
Do. 1958 4111613 6 - 21.12 1.1364 
Holyoke, Mass. 1954 1 62518 - - 21.20 0. 7284 
Do. 1957 DSS 27 LG eel Tm 21.22 0.7365 
Do. 1958 2101916 2 1 21.18 1.0039 
| Number of scutes 
33 34 35 36 37 38 39 40 
| 
| Frequency 
| | 
Enfield, Conn. | 1954 — peo ZOle SL | 36.48 0. 8389 
Do. | 1957 1h 1 ah a | 36.70 0.9742 
Do. } 1958 | = 5412522912) — 36. 84 0. 8889 
Holyoke, Mass. | 1954 | 2515923 Ser 36.76 0.9161 
Do. 1957 =) 3 AS 2h 8 n i= 36.68 0. 8192 
Do. 1958 - 6101616 2 36.96 1.0872 


only location that had a sufficient number of 
data for comparing different young, samples 
taken at Kingston Point only were used to 
test for differences between years, There 
were no significant differences between years 
CEOS50, 1951;,, 1954, 1957, 1958)! for these 
samples (table 4). 


Comparison between Connecticut and Hudson 
Rivers,--Differences in the meristic counts 
for the Hudson and Connecticut Rivers samples 
were tested for significance only for the 
years for which collections were available 
from both rivers (1954, 1957, 1958). There- 
fore, only the collections taken at Kingston 
Point on the Hudson and at Enfield on the 
Connecticut were used in the comparisons, 
The Enfield samples were considered rep- 
resentative of the Connecticut River popula- 


Table 3.--Frequencies of meristic counts from juvenile American shad in 
samples from the Hudson River, N. Y. 


Number of 
Location Year ectoral fin rays Mean Standard 
13914915) 16),17 1819/20/21 deviation 
88888 80S ey ES 
Frequency 
Piermont 1950 4 20 23 3 15.50 0.7354 
Do. 1951 - 2324 3 15.60 0. 6061 
Kingston Point 1950 251592855 15.72 0.7010 
Do. 1951 - 1929 2 15. 66 0.5573 
Do. 1954 1519528 2: 15.62 0.6024 
Do. 1957 - 10 34 6 15.92 0.5657 
Do. 1958 PEs 2 15.98 0. 5887 
Catskill 1950 Kael 5) 15.58 0.6999 
Do. 1951 LM 27nd Lee 15.28 0.5771 
ee 
Number of 
dorsal fin rays 
16 17 18 19 20 21 22 23 24 
Frequency 
Piermont 1950 3.28 13 6 18.44 0. 7866 
Do. 1951 125 20 4 18.54 0.6764 
Kingston Point 1950 22420 4 18.52 0. 7068 
Do. 1951 418 27 1 18.50 0.6776 
Do. 1954 3.27°20) = 18. 34 0.5928 
Do. 1957 324 22 1 18.42 0.6417 
Do. 1958 3E24U 210 2 18.44 0.6749 
Catskill 1950 6 2021 3 18.24 0.7440 
Do. 1951 419 26 1 18.48 0.6773 
SS _ 
Number of 
anal fin rays 
18 19 20 21 22 23 24 25 26 
| 
Frequency 
Piermont 1950 LS 59205215 63) = 21.40 0. 8330 
Do. 1951 =) (4391.27727), 4, 83 21.80 0.9258 
Kingston Point | 1950 =n 20160 4012 21.46 0.9733 
Do. 1951 = GLO el 7a Taek 21.56 0.9510 
Do. 1954 - 102113 6 = 21.30 0.9313 
Do. 1957 212 E2620 8u 2m 20.92 0, 8533 
Do. 1958 my LOR29 9 9p 2h cm 21.06 0.7398 
Catskill 1950 2 LTRS 6h = 21. 36 1.0079 
Do. 1951 ML2e2 0S ain 21.10 0.9478 
Number of scutes 
[3334 35 36 37 38 39 40 41 
Frequency 
Piermont 1950 a} Gali or at 37.50 1.0736 
Do. 1951 LE PLING 2 LeU Siem 37.34 1,1178 
Kingston Point 1950 = aol ieT S20) 73 el 37. 36 0.9638 
Do. 1951 UL eLORLON 14 a6. — 37.28 0.9906 
Do. 1954 LZ eae Sh 20M Shel 37.62 1.1952 
Do. 1957 elves ZOE Sion ke 37.44 1.0529 
Do. 1958 wi 45 e3ULS) 26025 = 37.38 0. 9666 
Catskill 1950 — salut 9.6020) 970 oL 37.58 0.9897 
Do. 1951 =" 3ie7) 25,10) (5) = 37.00 0. 8562 


tion, while the Kingston Point sample was 
considered representative of the Hudson River 
population, 

The mean meristic counts for Hudson River 
shad generally were higher than those of 
Connecticut River fish, Significant differences 
were found between rivers for all meristic 
counts, except anal fin rays (table 4), The 
interaction between years and rivers was not 
significant, The significant difference in three 
of the four counts indicated that discrete 
populations occurred in each river, 


Table 4.--Analysis of variance on meristic counts for differences 
between locations and between years within rivers, and differences 
between rivers, for samples of juvenile American shad from the 
Connecticut and Hudson Rivers 


Degrees 
of 
Component freedom 


(ny ,n2) 


River F-value 


Connecticut Between locations: 


Pectoral fin rays. o 1,296 73. 923** 
Dorsal fin rays..... 1,296 0. 680 
Anal fin rays.. . 1,296 0. 060 
SCUCESsiate's cleisisiclelaicicicisieisleleicieivicte 1,296 1.403 
Between years: 
(Enfield Dam only) 
Pectoral £inirayBsccscciesecicce 2,147 0.605 
Dorsal fin rays..... 50 2,147 0.291 
Anal fin rays..... ° 2,147 0. 854 
SCULECG aiclelnisivieisie(ele cicleisisisic/e’elcielcie 2,147 2.027 


Hudson Between locations: 
Pectoral fin iray8.- 0c cccsc+e 2,296 1.955 
Dorsal fin rays.. 2,296 1.317 
Anal fin rays.. eee . 2,296 3.455 
SCUCES atclelelsisicleleie\aia’eiaistataisiatete ofele 2,296 0, 262 
Between years: 
(Kingston Point only) 
Pectora lelinuraye sicicerscissleicie nie 4,245 3.395 
Dorsal fin rays.. eevee 4,245 0.496 
Anal fin rays.. evalols{elalaie 4,245 4.494 
SCULESS cierciats sleicioinicincleiviecive clos 0. 665 
Connecticut Between rivers: 
and Hudson Pectoralglinvrayssiclelcteia sisisisielele 76. 506** 
Dorsal fin rays..... 12, 853** 
Anal fin rays.. O9 0.915 
Scutes..... eet c ccc ccccecccccee 48. 726** 


a 
Statistically different at 1 percent level. 


Chesapeake Bay Area 


Frequencies of the meristic counts for the 
samples of juvenile shad from the Chesapeake 
Bay tributaries are given in tables 5, 6, 7, 
and 8, 


Susquehanna River,--Only one sample of 
juvenile shad was available from the Sus- 
quehanna River, collected in 1958 below Cono- 
wingo Dam (table 5), so no comparisons could 
be made, 


Rappahannock River,--Meanmeristic counts 
for the Rappahannock River samples were 
similar, and tests for differences inthe counts 
between years were not significant (table 6), 
No comparisons were made, because the only 
sample taken in each of the two years was 
taken at different locations. 


York River,--Mean meristic counts for 
the York River samples were similar between 
years and locations (table 7). Based on the 


Table 5.--Frequencies of meristic counts from juvenile American 
shad in samples from the Susquehanna River, Md. 


Number of 
| Standard 


Year pectoral fin rays |} Mean 
| 2 13 14 15 16 17 18 19 deviation 


Frequency 


Location 


Conowingo Dam | 1958 | - 43610 | 16.12 0. 5206 
———————t 
| | 
Number of 


| dorsal fin rays 
| 15 16 17 18 19 20 21 22 
| 
| | Frequency 
| 
Conowingo Dam | 1958 -3317 - 18.34 0.4785 


Number of 
anal fin rays 
18 19 20 21 22 23 24 25 


Frequency 
Conowingo Dam | 1958 = 82120 1 = 21.28 0.7570 


———ESSSSsS— 


Number of scutes 
33_34 35 36 37 38 39 40 
San EEEESESEEEEEEEE EEE? 


Frequency 
Conowingo Dam 1958 - - 72616 1 37.22 0. 7083 


Table 6.--Frequencies of meristic counts from juvenile American shad in 
samples from the Rappahannock River, Va. 


Number of 
Location Year ectoral fin rays Mean Standard 
11 12 13 14 15 16 17 18 19 20 deviation 


NN ee 
Frequency 


Long Point 1954 S e277) 15.25 0.6713 
Batchelors Bay 1958 1 22) 26, 21 15.54 0. 5789 


Lt 


Number of 
dorsal fin rays 
14 15 16 17 18 19 20 21 22 2 


Frequency 
Long Point 1954 3.2024 3 18.54 0. 7060 
Batchelors Bay | 1958 2223 2lae 18.54 0.7060 

———___ 
Number of 
anal fin rays 
17 18 19 20 21 22 23 24 25 26 

Frequency 
Long Point 1954 =) 5%13¢297 (30u= 21.64 0.7559 
Batchelors Bay | 1958 148)16¢20) ¢at2 21.38 0. 9666 
Long Point 1954 36.42 0. 7848 


36. 12 1,0812 


Batchelors Bay 


Table 7.--Frequencies of meristic counts from juvenile American shad 
in samples from the York River tributaries, Va. 


Ts 


| Number of 
Location Year ectoral fin rays Mean Standard 
12 13 14 15 16 17 18 19 deviation 


Frequency 
Pammkey River 1953 | 23117 - 16.30 0. 5440 
Do. } 1954 | 2a 2a te seok 16.46 0.6131 
Do. } 1956 43312 1 16.20 0.6061 
Do. | 1958 - 2822 - 16.44 0.5014 
Mattaponi River | 1954 226 21 1 16.42 0. 6091 
De. } 1958 | 42422 - 16. 36 0. 6312 
| 
| | Number of 
| dorsal fin rays 
15 16 17 18 19 20 21 22 
| 
| Frequenc 
Pammkey River 1953 | Curt ey Sab 18.54 0.5425 
Do. } 1954 - 26 22 2 18.52 0.5799 
Do. | 1956 19215253 | 18.60 0. 6389 
Do. 1958 SUTS22775 95; 18.68 0. 7407 
Mattaponi River | 1954 | 1 18 21 10 18.52 0.5799 
Do. 1958 | - 26 22 2 | 18.80 0. 7825 
| } Number of 


| anal fin rays 
18 19 20 21 22 23 24 25 


| Frequenc 
| | 
Pammkey River 1953 | in2ia2i Ss 21.18 0.8254 
Do. 1954 | - 101820 2 21.28 0. 8340 
Do. 1956 | - 72216 5 21.38 0.8545 
Do. | 1958 | - 121620 2 21.24 0. 8404 
Mattaponi River | 1954 | - 112810 1 21.02 0.7140 
Do. } 1958 | Act Rach ep 20.90 0. 8864 
| — 
| Number of scutes 
33_34_35 36 37 38 39 40 
| Frequency 
Pamunkey River } 1953 | 1 3142110 1 | 36.78 0.9750 
Do. 1954 | sy l4 i293 36.94 0.9742 
Do. | 1956 2S BIB Ges 37.04 1.1599 
Do. | 1958 Sarorzeniy, 1 37.04 0. 7548 
Mattaponi River 1954 Zi iplZe22ei Ls 2 | 36.90 1,0351 
Do. 1958 mL L223) Ee | 37.04 0.9026 


ee SS 


samples from 1954 and 1958 only, differences 
in the meristic counts were not significant 
between locations, Based on the Pamunkey 
River samples only, differences between years 
also were not significant (table 9), 


James River.--Mean meristic counts forthe 
James River samples were similar between 
years and between locations (table 8), Based 
on the 1954 samples, counts were not signifi- 
cant between the two locations, and for the 


Table 8.--Frequencies of meristic counts from juvenile American shad 
in samples from the James River, Va. 


———__—_- 


Number of 


Location Year pectoral fin rays Mean 
12:13 14 15 16 17 18 19 


Standard 
deviation 


Frequency 


2 28 15.60 0.5345 
1193-27203 15.64 0. 6312 
- 12 34 4 15. 84 0. 5481 


Walcot Wharf 1954 
Claremont Beach 1954 
Do. 1958 


Number of 
dorsal fin rays 


15 16 17 18 19 20 21 22 


Frequency 


82.952 OF vee 18. 38 0. 5303 
Se29el6ae— 18.22 0.6158 
Spey st. 3 18.22 0. 7083 


Walcot Wharf 1954 
Claremont Beach | 1954 
Do. 1958 


Number of 
anal fin rays 
18 19 20 21 22 23 24 25 


Frequency 


al ales hae Ss 20.70 0. 8631 
24520) 35% a= 20. 62 0. 6667 
TSE25eL1y od 21.00 0.7559 


Walcot Wharf 1954 
Claremont Beach | 1954 
Do. 1958 


Number of scutes 


amet OS | 


33 34 35 36 37 38 39 40 


BE ee ee 


Walcot Wharf 1954 ZeROu27ml2mea, hs 36.18 0.9190 
Claremont Beach | 1954 18°20014. 7 i= 36. 36 0.9848 
Do. 1958 2 62018 4 = 36. 32 0.9355 


Claremont Beach samples the differences be- 
tween years were not significant, 


Comparison between Chesapeake Bay trib- 
utaries,--Data for all locations and all years 
for which collections were available were 
combined in testing for significant differences 
in meristic counts between two rivers, There 
was a significant difference in the meristic 
counts between the York and James fish in all 
instances; between the Rappahannock and 
James, the Rappahannock and York, and the 
James and Susquehanna in three instances; 
and between the Rappahannock andSusquehanna, 
and the York and Susquehanna in two instances 
(table 9). Where applicable, the interaction 
between years and rivers was not significant. 
The differences in meristic counts between 
rivers indicated that discrete populations of 
shad occurred in the Chesapeake Bay tribu- 
taries, 


Table 9.--Analysis of variance on meristic counts for differences 
between locations and between years within rivers, and differences 
between rivers, for samples of juvenile American shad from 


Chesapeake Bay tributaries 


Degrees 
of 


River Component fracdom F-value 
(ny ,n2) 
York Between locations: 
Pectoral fin rays..... 1,197 0.514 
Dorsal fin rays.. 1,197 0.391 
Anal fin rays. ot) 1,197 6.569 
SOUCehasstosdodccdoon 1,197 0. 000 
Between years: 
(Pammkey River only) 
Pectoral fin rays..... 3,196 2.335 
Dorsal fin rays.. - 3,196 0.651 
Anal fin rays......... 3,196 0.493 
SCULESaleteiaiaisiclercieveleiaicia;s 3,196 0.825 
James Between locations: 
Pectoral fin rays..... 1, 98 0.117 
Dorsal fin rays. 1, 98 1,938 
Anal fin rays... D 1, 98 0.269 
SCULES Se rsiclcissiolciaieicicicres 1, 98 0. 893 
Between years: 
(Claremont Beach only) 
Pectoral fin rays T8 4.914 
Dorsal fin rays... 1, 98 1.635 
Anal fin rays...... 1198 3.419 
SCUCESticicte/ctelalsiaieteleletelete 1, 98 0.570 
Rappahannock-James | Between rivers: 
Pectoral fin rays..... 1,248 13, 258** 
Dorsal fin rays.. 1,248 9.922** 
Anal fin rays.... 1,248 46. 227%** 
CULES jelcin slolclelajers 1,248 0.011 
Rappahannock-York Between rivers: 
Pectoral fin rays..... 1,398 188, 925** 
Dorsal fin rays.. 1,398 0. 835 
Anal fin rays... 1,398 10. 885** 
Scutes..... aevnis(evelelelate!= 1,398 37. 095** 
Rappahannock- Between rivers: 
Susquehanna Pectoral fin rays..... 1,148 46, 512** 
Dorsal fin rays.. 6 1,148 3.287 
Anal fin rays... 1,148 Zeavigi 
SCULEStieleia(ereleleictele(cleiele’a 1,148 38. 965** 
James-York Between rivers: 
Pectoral fin rays..... 1,448 131. 156** 
Dorsal fin rays....... 1,448 27.412** 
Anal fin rays.... 5 1,448 22, 951** 
IS CULES stele cisleleletelelatetiers(a 1,448 47. 494%* 
James-Susquehanna Between rivers: 
Pectoral fin rays..... 1,198 21. 394%* 
Dorsal fin rays.. 1,198 0.476 
Anal fin rays.... 6 1,198 16. 1014* 
ScuteSscieerejewte 1,198 41.121** 
York-Susquehanna Between rivers: 
Pectoral fin rays..... 1,348 7. 570%* 


Rae Statistically different at 1 percent level. 


Dorsal fin rays.. 
Anal fin rays... 


7. 859%* 
0.798 
3.550 


South Atlantic Area 


Meristic counts were made of juvenile shad 
taken for certain years at locations in the 
Neuse, Edisto, Ogeechee, and St, Johns Rivers 
of the South Atlantic area (tables 10, 11, 12, 


and 13). 


Neuse River.--Based on the 1954 samples 
(table 10), differences in the meristic counts 
were not significant between the Bridgeton and 


Streets 


Ferry samples, 


Differences 


in the 


meristic counts were not significant between 
years for the Bridgeton samples (table 14), 


Table 10.--Frequencies of meristic counts from juvenile American shad 
in samples from the Neuse River, N, C. 


Location 


Bridgeton 
Do. 
Do. 
Do. 


Streets Ferry | 


Bridgeton 

Do. 

Do. 

Do. 
Streets Ferry 


Bridgeton 


Do. 
Streets Ferry 


Bridgeton 
Do. 
Do. 


Year 


1950 
1954 
1957 
1958 
1954 


1950 
1954 
1957 


pectoral fin rays 


15 16 17 18 19 20 21 22 | 


18 19 20 21 22 23 24 25 


33 34 35 36 37 38 39 40 


Number of 


12 13 14 15 16 17 18 19 


Frequency 


- 936 5 
12 31 6 
7 28 14 
8 
6 


piers 


7 25 1 
14 29 


meet 


Number of | 
dorsal fin rays | 


Frequency 


3.17 26 
- 10 33 


' 
~ 
a 
nN 
@ 
NMWANS 
‘ 


Number of 
anal fin rays 


pHynin 


pepe 


Number of scutes 


Frequency 


ae alias} 
2 8 20 16 
- 1718 8 


rw 


un en 


Mean 


18.56 
18.92 
18.80 
18.68 
18.74 


21.56 
21.58 
21.46 
21.38 
21.78 


36.58 
35.24 
36.10 


Standard 
deviation 


0. 7329 
0. 5859 
0. 6389 
0. 6833 
0. 8033 


0. 8889 
0.9708 
0.9941 
0.9452 
0. 9322 


1.1445 
0.9596 
1.0351 


Do. 1958 - 32714 1 36.48 0. 8389 
Streets Ferry | 1954 4 51718 6 - 36.04 1. 0806 


Edisto River.--Samples were collected from 
only one location in the Edisto River (table 11). 
The differences in the counts between years 
were not significant (table 14). 


Ogeechee River.--Since samples were ob- 
tained in different years from the two locations 
in the Ogeechee River, each location was 
analyzed separately in testing for differences 
in meristic counts between years, and no 
comparisons were made between locations 
(table 12). The differences in the counts be- 
tween years were not significant (table 14). 


Table 11.--Frequencies of meristic counts from juvenile American shad 
in samples from the Edisto River, S. C. 


| 
| | Number of 
Location Year | pectoral fin rays Mean Standard 
12 13 14 15 16 17 18 19 deviation 
T 1 
Frequency 
Crosby Landing | 1938 62816 - 16.20 0. 6389 
De. 1939 42718 1 16. 32 0.6528 
Do. 1957 | LS LeL Ie 16. 36 0. 5628 
Do. 19538 135913 eed | 16.28 0. 5360 
Number of 
dorsal fin rays | 
15 16 17 18 19 20 21 22 
Frequency | 
Crosby Landing | 1938 2.2025 3 18.58 0.6728 
Do. 1939 224 22 2 18.48 0. 6465 
Do. } 1957 1.23 24 2 18.54 0.6131 
Do. 1958 - 2028 2 18.64 0. 5628 
| | 
| Number of 
j | anal fin rays 
| 18 19 20 21 22 23 24 25 
} Frequency 
| | 
Crosby Landing | 1938 2ST 22 LOL | 20.86 0.8574 
Do. } 1939 2 20 17 11 | 20.74 0. 8526 
Do. 1957 22318 7 - |} 20.60 0.7825 
Do. 1958 31524 8 - | 20.74 0. 8033 
| 
| Number of scutes 
| 33 34 35 36 37 38 39 40 
Oe 
Frequency 
Crosby Landing | Ce 3522017 Oe 36.54 0.9304 
Do. | mie 24u 178 (30:2 36.50 0. 8864 
Do. } - 72415 2 2 36. 36 0.9205 
Do. } 195; 172018 4 - 36. 34 0.8947 
| 


Table 12.--Frequencies of meristic counts from juvenile American 
shad in samples from the Ogeechee River, Ga. 


Number of 
Location Year pectoral fin rays Mean Standard 
12 13 14 15 16 17 18 19 deviation 
Frequency 
Kings Ferry | 1938 SOMO) =, 16. 30 0.6145 
Do. 1939 3, 30016. 1 16.07 0. 5284 
State Park 1957 ES SLO nL 16.18 0.4375 
Do. 1958 - 3415 1 16.34 0.5194 
Number of 
dorsal fin rays 
15 16 17 18 19 20 21 22 
Frequency 
Kings Ferry | 1938 13934533 h= 18. 86 0.6704 
Do. 1939 1527 8 - 19.00 0.5345 
State Park 1957 1303204: 18. 86 0. 6392 
Do. 1958 13S 306 vl 18.90 0.6776 
Number of 
anal fin rays 
18 19 20 21 22 23 24 25 
Frequency 
Kings Ferry | 1938 2Zalsp2teily 53 21.00 0. 9476 
Do. 1939 282 Orel ee) 21.10 0. 8864 
State Park 1957 Se S21 elL6ne2 21.12 0. 9398 
Do. 1958 L235 ar 718, 21.20 1. 0302 
Number of scutes 
33 34 35 36 37 38 39 40 
Frequency 
Kings Ferry | 1938 Qn Gel 7 on oie 36.64 1,1205 
Do. 1939 i OU Lm L OMe yi sat, 36.43 1, 0529 
State Park 1957 = 9) 17) L8Bs6) = 36.42 0.9278 
Do. 1958 = M6VLIAL7. (8. i= 36.54 0. 9082 


St. Johns River,--Based on the 1954samples 
from the St. Johns River (table 13), differences 
in the meristic counts were not significant 
between the three locations, Differences be- 
tween years were tested for the Palatka 
samples only and were not significant (table 14). 


Comparison between South Atlantic coast 
rivers.--Data for all locations and all years 
for which collections were available were com- 
bined in testing for significant differences in 
meristic counts between two rivers. There was 


Table 13.--Frequencies of meristic counts from juvenile American 
shad in samples from the St. Johns River, Fla. 


Table 14.--Analysis of variance on meristic counts for differences 
between locations and between years within rivers, and differences 
between rivers, for samples of juvenile American shad from 


Location Standard D 
12 13 14 15 16 17 18 19 deviation po 
Component freedom F-value 
Mandarin 1954 TES251L7 16, 32 0.4518 Between locations: 
Lake Harney | 1954 7 28 15 16.16 0. 6503 Pectoral fin rays. 1, 98 0. 808 
Palatka 1954 1 38 11 16.20 0.5127 Dorsal fin rays... 1, 98 2.023 
Do. 1957 6 27 17 16.22 0.6481 Anal fin rays.. 1, 98 1, 104 
Do. 1958 5037 08 16. 06 0.5115 Scutes. 0.00. <ccccvemse 1, 98 0.239 
a Between years: 
: (Bridgeton only) 
ee eer aces a Rectorel fin rays..... 3188 sti 
Dorsa in rays... a I 
peLS SL ORUZEISRLOEZ OBZIE22E Anal fin rays.. 3,196 1.732 
SCUCCS Sic cls(cie\eicie s'eleintea 3,196 2.403 
Frequency 
Edisto Between years: 
Mandarin 1954 137%) 2) 18.94 0. 6389 PectoralWeinbxayes 3,196 0.649 
Lake Harney | 1954 1124 14 1 19.10 0. 7626 Darsalveiniee 3196 0.580 
yS... 5 F 
Palatka 1954 10 3010 - 19.00 0.6518 Analcinurayss 3,196 0.831 
Do 1334 LORS Sala 1B 9911023859 Scutess (305 csaeeeeee 3,196 0. 606 
Do. 1958 1129 10 = 18.94 0. 6543 
Ogeechee Between years: 
(State Park only) 
Number of Pectoral fin rays..... 1, 98 2.775 
anal fin rays Dorsal fin rays... * 1, 98 0.092 
(He 1-20-21 22-23-26 75 Anal fin rays.......-. | 1, 98 | 0.165 
Scutes ters acicietcie elerelcietete 1, 98 0.427 
Frequency. 
Between years: 
Mandarin 1954 5,19;18) 8 = 21.58 0. 8053 (Kings Ferry only) 
Lake Harney | 1954 22121 5 1 21.64 0.8020 Pectoral fin rays..... 1, 98 3.685 
Palatka 1954 Sel 9G23 eee 21.62 0. 8827 Dorsal fin rays... 1, 98 0.245 
Do. 1957 Ly Pala yey al 21.50 0. 8631 Anal fin rays.. 1, 98 0.297 
Do. 1958 21428 6 = 21.76 0.7160 Scutes...... 1, 98 0. 846 
St. Johns Between locations: 
poe Numbersofiscutes Pectoral fin rays..... 2,147 1.170 
33 34 35 36 37 38 39 40 Dorsal fin rays....... 2,147 0.693 
Anal fin rays.. 2,147 0. 068 
Frequency Scutes<j-cleeleieieisieicielarelate 2,147 1.043 
Mandarin 1954 - 3112610 - 36.86 0, 9313 
Lake Harney| 1954 - 6111514 4 36.98 1.1516 
Palatka 1954 =P L 7218 6) 52: 36.70 0. 8084 
Do. 1957 1 62019 4 - 36. 38 0. 8781 
Do. 1958 - 42023 3 - 36.50 0.7354 


a significant difference in the meristic counts 
between the Edisto and Neuse, the St. Johns and 
Neuse, and the St. Johns and Edisto in three 


South Atlantic coast rivers 


instances; between the Ogeechee and Neuse, and 
the Ogeechee and Edisto in two instances; and 
between the St. Johns and Ogeechee in one in- 
stance (table 14). These differences indicated 
that discrete populations of shad occurred in 
the South Atlantic coast rivers. 


Table 14. --Analysis of variance on meristic counts for differences 
between locations and between years within rivers, and differences 
between rivers, for samples of juvenile American shad from 
South Atlantic coast rivers--Continued 


= ee 
Degrees 
River Component | Rae F-value 
(ny ,02) 
ee ened 
Between years: 
(Palatka only) 
Pectoral fin rays..... 2,147 2.732 
Dorsal fin rays... 2,147 0. 068 
Anal fin rays.. 2,147 1. 306 
SCUUES Serareltontelecieeterels 2,147 4.763 
Edisto-Neuse Between rivers: 
Pectoral fin 1,448 | 23. 119%* 
Dorsal 2 ra | 1,448 8. 469%* 
Anal fin rays ote 1,448 74. O19%* 
SCUECS<(-jclctciciniaicielnialajciaie | 1,448 0.898 
Ogeechee-Neuse Between rivers: | | 
Pectoral fin rays..... | 1,448 15. 087** 
Dorsal fin rays 1,448 3.040 
Anal fin rays 1,448 16. 382** 
SCUEES 2 Kicioclsicin’elaiw sfateis | 13448 2.839 
| 
Ogeechee-Edisto Between rivers: 
Pectoral fin rays. 1,398 1.305 
1,398 22. 185** 
1,398 17. 366** 
1,398 0.614 
St. Johns-Neuse | Between rivers: | 
| Pectoral fin rays..... } 1,498 12. 160** 
| Dorsal fin ra | 1,498 16. 679%* 
| Anal fin rays 1,498 3.465 
SCULES ota ciesicieiciovecievee 1,498 14. 738** 
St. Johns-Edisto Between rivers: 
Pectoral fin ra 1,448 3.196 
Dorsal fin ra 1,448 50. 127** 
Anal fin r 1,448 130. O11** 
SCUEES sic clsic/sisverele/olo\eralsve | 1,448 8. 140** 
St. Johns-Ogeechee | Between rivers: } 
| Pectoral fin rays..... 1,448 | 0.396 
| Dorsal fin rays 1,448 5.013 
| Anal fin ray 1,448 38. 413** 
| SCULES wielnicjeisiaja sioia\aia/e/o}= 1,448 3.640 


Statistically different at 1 percent level. 


RELATION BETWEEN MERISTIC COUNTS 
AND OTHER FACTORS 


In certain instances significant differences 
were found in meristic counts between young 
shad from neighboring streams and among 
streams within large geographical areas. 
Whether the cause of these differences was 
primarily genetic or was environmental vari- 
ation under which the fish developed, or a 
combination of both, would not affect the find- 
ings. Physical and chemical data on the en- 
vironment at spawning time were not available, 
so the relation between differences or shifts 
in meristic counts betweentwo separate rivers 
and environmental factors was not known. 
Lindsey (1957), Raney and Woolcott (1955),. 
and T&ning (1952), and others, although working 
on species other than shad, listed temperature 
as the obvious environmental factor that may 
produce differences at the time these charac- 
ters are formed in the embryo. Although 
shad spawn earlier in southern rivers and 
progressively later in northern rivers, widely 
separated populations spawn and eggs and 
larvae develop under about the same water 
-temperature range. Laboratory rearing of the 


species under controlled conditions would be 
needed to demonstrate clearly the relation 
between meristic counts and temperature. 

There was no consistent latitudinal cline 
in the meristic counts examined over the en- 
tire geographic range sampled. Fin ray counts 
were higher in southern rivers and lower in 
northern rivers, with intermediate counts in 
between. Scute counts were higher in northern 
rivers and lower in southern rivers. The Con- 
necticut River samples had the lowest mean 
count in pectoral and dorsal fin rays, and the 
St. Johns River samples had the highest mean 
counts in dorsal and anal fin rays. However, 
the mean scute counts, which showed the 
greatest difference, reversed this pattern with 
the high in the Hudson River being more than 
one unit larger than the low counts in the 
Neuse River. 

There were slight variations in meristic 
counts on juvenile shad between years and lo- 
cations within a river, but these were not 
significant and were small compared to the 
differences in the counts between rivers. The 
differences in meristic counts between rivers 
indicated that discrete juvenile populations 
exist. For a better understanding of shad 
populations, future work shouldinclude studies 
of the relation between the meristic counts of 
juvenile shad and environmental variations 
under which the fish developed. 


SUMMARY 


To test if shad populations in various rivers 
could be separated by differences in meristic 
count, collections of juvenile shad from 10 
rivers along the Atlantic coast were compared 
by analysis of variance. Counts of pectoral, 
dorsal, and anal fin rays and scutes were used. 

Differences in counts of meristic charac- 
teristics within individual rivers and between 
rivers within geographical areas were as 
follows: 

1. Within individual rivers, no significant 
differences were found between locations and 
between years except between locations for 
pectoral fin rays in the Connecticut River. 

2. In the North Atlantic area, significant 
differences were found between the Hudson 
and Connecticut Rivers for all counts except 
anal fin rays. 

3. In Chesapeake Bay tributaries, signifi- 
cant differences were found between the York 
and James Rivers for all counts; between 
the Rappahannock and James Rivers, the Rap- 
pahannock and York Rivers, and the James 
and Susquehanna Rivers for three of the 
counts; and between the Rappahannock and 
Susquehanna, and the York and Susquehanna 
Rivers for two of the counts. 

4, In the South Atlantic area, significant 
differences were found between the Neuse and 
Edisto Rivers, and the Neuse and St. Johns 


Rivers for three of the counts; between the 
Neuse and Ogeechee Rivers, and the Ogeechee 
and Edisto Rivers for two of the counts; and 
between the Ogeechee and St. Johns Rivers for 
one of the counts. 

These findings indicated that discrete popu- 
lations of shad occurred in Atlantic coast 
rivers. 
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future. 
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